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We study the scalar field potential V (φ) in the scalar-tensor gravity with self-consistent polytropic
stellar configurations. Without choosing a particular potential, we numerically derive the potential
inside various stellar objects. We restrict the potential to conform to general relativity or to f(R)
gravity inside and require the solution to arrive at SdS vacuum at the surface. The studied objects
are required to obtain observationally valid masses and radii corresponding to solar type stars, white
dwarfs and neutron stars. We find that the resulting scalar-tensor potential V (φ) for the numerically
derived polytrope that conforms to general relativity, in each object class, is highly dependent on
the matter configuration as well as on the vacuum requirement at the boundary. As a result, every
stellar configuration arrives at a potential V (φ) that is not consistent with the other stellar class
potentials. Therefore, a general potential that conforms to all these polytropic stellar classes could
not be found.
I. INTRODUCTION
General relativity (GR), describes the local gravita-
tional phenomena very well [1]. At large scales and in
the early universe this description does not seem to be
adequate anymore. From the observations of distant su-
pernovae and cosmic microwave background [2, 3] the
expansion of the universe is interpreted to be accelerated
at late times. To encompass the late time accelerated
phase GR needs to be modified. The simplest modifi-
cation allowed by the Einstein-Hilbert action is the cos-
mological constant model with cold dark matter, called
the ΛCDM model [4]. In this work the ΛCDM model is
denoted as GR+Λ. While ΛCDM is very successful, this
model has its shortcomings as well [5] and many ways
to explain the current accelerated phase have been sug-
gested. Models generally either modify the content of
the Einstein’s equations, by including a dark energy com-
ponent [5], or by modifying the gravity sector itself [6–
8]. Because of the great success of GR in predicting the
local observations with high accuracy, viable modifica-
tions must allow only configurations with small devia-
tions from the general relativistic solutions.
A class of GR modifications that does not require any
extra assumptions in addition to standard physics is the
f(R) theories of gravity. In f(R) theories of gravity, an
algebraic function of the Ricci scalar extends the gravita-
tional Lagrangian density from GR [9, 10]. Another way
of obtaining adequate modifications to GR are so called
scalar-tensor theories [11]. These scalar-tensor theories
arise naturally from e.g. higher dimensions, string the-
ory or from non-commutative geometry [8]. In the Jor-
dan frame formulation of the theory the scalar field is
non-minimally coupled to the metric tensor but does not
couple to the matter sector. The scalar field, with an
adequate potential, can give rise to the observed expo-
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nential acceleration today with a slow-roll behavior [12]
and still conform to the local gravitational experiments
via a chameleon mechanism [13]. There are viable al-
ternatives among the gravity modifications that do not
possess instabilities [14, 15], can account for the correct
expansion history of the universe [16] and even produce
inflation in some cases [17]. The local tests that GR
passes must also be accounted for [15, 18]. Some f(R)
models can resemble GR so much that even the space-
time outside the f(R)-sun conforms to the observations
[19]. This is, however, not a general feature of f(R) the-
ories of which most are excluded by the light deflection
experiments [20, 21]. It is also known that the Birkhoff’s
theorem [22] is broken for the general relativity modifi-
cations [23]. According to the Birkhoff’s theorem, the
vacuum field equations of general relativity obtain the
Schwarzschild solution around a spherically symmetric
object.
In this work, we are looking for stellar solutions in the
Jordan frame formulation of a scalar-tensor theory with
GR+Λ behavior inside the star. We also demand the con-
figurations to arrive at the Schwarzschild-de Sitter (SdS)
vacuum at the boundary. The polytropic stellar object
classes: solar type main sequence stars (SUN), white
dwarfs (WD) and neutron stars (NS); are the matter
configurations for which the scalar field potential V (φ)
was solved numerically. We find that a potential V (φ)
that will describe all the studied object classes cannot
be found. The solution for the potential is found to
be specific to each stellar class and highly dependent on
the matter configuration inside the star and also on the
boundary vacuum conditions.
The paper is organized as follows: In section II we for-
mulate the theoretical framework for the gravitation. In
section III we discuss the spherically symmetric space-
time and the objects classes. In section IV we describe
how to derive the potential V (φ) from the field equations
derived in II with the adequate boundary conditions and
stellar configurations. Finally, we draw our conclusions
in section V.
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2II. THE GRAVITY FORMALISM
We consider a scalar-tensor action that is of Brans-
Dicke type [24] with a potential and no kinetic term in
the Jordan frame. This theory could also be equivalently
described in the Einstein frame if also the units of length,
mass and time are scaled accordingly. For this numerical
work, however, the Jordan frame is preferred [25]. The
considered scalar-tensor action [9] is
S =
1
2κ
∫
d4x
√−g [φR− V (φ)] + Sm, (1)
where κ ≡ 8piG, the Sm term gives the matter contribu-
tion and the scalar field φ interacts non-minimally with
the gravitational field. We use c = ~ = 1 in this work.
This type of action is also equivalent to metric f(R) the-
ories of gravity [9].
The configuration is required to be GR+Λ inside the
matter configuration, to pass the local gravity tests
[18, 20] for the solar model. The interaction with the
matter is realized with the potential V (φ) and through
the coupling term φR in the used Lagrangian. The field
equations are derived from the action by varying with re-
spect to the metric gµν and also with respect to the field
φ, respectively:
Gµν =
κ
φ
Tµν − 1
2φ
gµνV (φ)
+
1
φ
(∇µ∇νφ− gµν2φ) (2)
R = V ′(φ).
The energy momentum tensor that describes the mat-
ter content is of standard perfect fluid form T = Tµµ =
−ρ+ 3p [26] and we use the polytropic equations of state
to describe the adiabatic processes inside the star. The
matter term in (2) needs to obey the equation of conti-
nuity DµT
µν = 0, so this equation is used when the poly-
tropic profile is calculated. The only non-trivial compo-
nent of the equation of continuity for a spherically sym-
metric system is
p′ = − B
′
2B
(ρ+ p). (3)
Here comma stands for the radial derivative, ′ ≡ d/dr.
If the scalar-tensor gravity is to resemble general rela-
tivity at small scales, it should obtain the Schwarzschild
solution outside a spherically symmetric object or the
Schwarzschild-de Sitter vacuum outside the GR+Λ star.
Since the potential V (r) and the field φ(r) are compared
to polytropes with observational properties, we study the
field equations in the Jordan frame throughout this work
for numerical convenience.
In the chameleon theories of gravity [13], the effective
potential is chosen such that the second derivative of the
potential is dependent on the local energy density. In
this way the fifth force is evaded with a sufficiently high
mass of the field in dense environments. In this work no
fixed potential is selected, but the potential is required to
stay close to the GR+Λ solution inside the objects and to
arrive at the SdS vacuum solution. As a result the poten-
tial turns out to be very dependent on the matter density
and the boundary conditions. Irrespective of whether the
screening condition [27] is fulfilled or not, a general po-
tential V (φ) should be able to describe all the observed
objects. With the above conditions, every studied object
class occupies an unique range for both V (r) and φ(r),
namely V (r, φ(r))NS ≤ V (r, φ(r))WD ≤ V (r, φ(r))SUN .
Therefore, all the studied objects (SUN, WD, NS) cannot
be described by one potential V (φ).
A. Competence with the GR+Λ and f(R) models
We demand the studied object to be comparable to
an already established general relativistic configurations.
We, therefore, select for the scalar-tensor examination
only the configurations that are similar enough to the
general relativistic polytropes inside the star. We study
all the configurations separately with the GR+Λ and the
scalar-tensor field equations, integrating first from the
center outwards with general relativistic field equations
and then from the fixed SdS boundary inwards with the
scalar-tensor field equations. We also, for comparison,
study configurations with f(R) gravity interiors.
The gravitational interaction that fixes the interior of
the configurations is derived from the action
S =
1
2κ
∫
d4x
√−gf(R) + Sm. (4)
Now the Einstein-Hilbert action that gives the GR+Λ
model is obtained with f(R) = R− 2Λ.
To numerically derive the polytropic profiles
(ρ(r), B(r), A(r)) inside the configuration we use
the temporal field equation from
F (R)Rµν − 1
2
f(R)gµν − (∇µ∇ν − gµν2)F (R) = 8piGTµν
(5)
(with µ = ν = 0). The scalar degree of freedom is de-
noted here as F (R) ≡ f ′(R). After obtaining ρ(r), B(r)
and A(r), the scalar tensor potential V (r) and field φ(r)
are numerically integrated inwards starting from the sur-
face.
Metric f(R) theories, with an algebraic function f(R)
that replaces the Ricci scalar R in the Einstein-Hilbert
Lagrangian, can be represented with the scalar-tensor
gravity of (1) [9, 11]. In this work we, therefore, con-
structed the potential V (φ) and the field φ also by de-
manding that the polytropes’ energy density and the
metric follow the field equations for two f(R) models. We
in particular studied the chameleon f(R) gravity models
of Hu and Sawicki (HS) and Starobinsky (St), that can
produce the correct cosmological dynamics and have the
3correct weak field limit. The f(R) function for the Hu-
Sawicki model [28] is
f(R)HS = R−m2
c1(
R
m2 )
α
c2(
R
m2 )
α + 1
, (6)
where α > 0, c1 and c2 are dimensionless parameters and
m2 is the mass scale of the vacuum today. The Starobin-
sky model [29] is
f(R)St = R+ λRΛ
((
1 +
R2
R2Λ
)−β
− 1
)
, (7)
where β, λ > 0 and RΛ is the vacuum scale. The field
equations are highly non-linear, and for the functions (6)
and (7), therefore, only solar type polytropes and white
dwarfs are solvable with the current code.
We also separately solve the Tolman-Oppenheimer-
Volkov (TOV) equations [32] for all the selected objects
to make sure the objects don’t deviate much from GR
[30]. All the chosen polytropes (also the ones derived
with the f(R)HS,St field equations) separately fulfill both
(GR+Λ/f(R) and TOV) requirements.
III. STATIC SPHERICALLY SYMMETRIC
SOLUTIONS
We consider here static, spherically symmetric bodies
embedded in background a SdS vacuum with R0 = 12H
2
0
[31]. We use the general spherically symmetric line ele-
ment ((8.1.4) in [32])
ds2 = B(r)dt2 −A(r)dr2 − r2(dΘ2 − sin2 Θ dΦ2), (8)
Where A(r) and B(r) are free functions that are numer-
ically derived inside the stellar body from the GR+Λ
field equations with the polytropic EOS. The angle co-
ordinates Θ and Φ in (8) do not enter the used equation
ansatz at all.
The polytropes are fixed to the SdS vacuum at the
boundary [33] to make sure the initial values Vi, φi, φ
′
i
correspond to stellar objects with a cosmological vacuum.
The scalar-tensor field equations are integrated from the
surface to the center with the scalar tensor field equations
(2) starting from the Schwarzschild-de Sitter metric
B(r) = c2
(
1− 2GM
c2rs
− Λ
3
r2s
)
,
A(r) =
(
1− 2GM
c2rs
− Λ
3
r2s
)−1
(9)
at the boundary. Here the mass M and the stellar radius
rs are obtained first with the GR+Λ field equations.
The scalar-tensor field equations (2) can be analyti-
cally solved in the de Sitter vacuum
G11 = −3A(r)H20 , T11 = 0
and the first field equation boils down to
V (φ) = −
(
B′
BA
+
4
Ar
)
φ′ + 6H20φ (10)
at the surface with R = 4Λ ≡ 12H20 [31]. The
Schwarzschild-de Sitter vacuum can be obtained for V =
2Λ = 6H20 , φ = 1 and φ
′ = 0, but in this numerical anal-
ysis V = 6H20 is obtained with the field values deviating
from these a little φ ≈ 1 and φ′ ≈ 0. The potential out-
side the body stays near the vacuum value, but the field
and its derivative develop. The field behavior outside
is dependent on the stellar boundary conditions and the
field value will be a monotonically decreasing function of
the radius. With identical initial φi(rs) at the boundary,
physically valid configurations can be found, but the po-
tential magnitude V (r) inside will still be dictated by the
matter configuration and will range different values for
each object class.
A. Polytropic stellar configurations
Polytropic model describes adiabatic processes. Stars
are often modelled with the polytropic model because it
naturally results in a monotonically decreasing density
profile with a well defined boundary [34]. The polytropic
equation of state (EOS) is
p(r) = Kρ(r)γ (11)
Here K is a constant, and γ is related to the poly-
tropic index n by γ = n/(1 + n). This restricts the
perfect fluid matter to form spherical objects that are
most dense at the core. All the configurations we stud-
ied here are tested to be regular at the center [33], hav-
ing physical central densities ρc and obtaining masses
and radii that conform to observations. We have consid-
ered only objects that are also numerically equivalent to
their Tolman-Oppenheimer-Volkov counterparts [32] by
separately solving the TOV equation for the same stellar
configurations and by comparing the solutions.
The parameter space (K, ρc, γ), yielding the physically
and observationally acceptable object classes is extremely
tight for compact configurations. However, one can find
objects that represent relativistic and non-relativistic
white dwarfs as well as neutron stars that also follow
the R ∼ κρ behavior inside the body. One representative
from each class was chosen for plotting the scalar field
potential V (φ) in Fig(2).
We use the Eddington polytropic model of [19] with
n = 3 to produce a representative of the stellar object
class. The two other studied classes of compact stars are
polytropic white dwarfs, and polytropic neutron stars.
The polytropes’ matter density is parametrized as in the
general relativistic Lane-Emden case [32] with ρ(r) =
ρcθ
n(r) for the numerical work (θ is the scaled density
parameter). The Lane-Emden equation itself is not used
in this work, only the above parametrization.
4Stability considerations for the scalar-tensor polytropic
configurations have not been examined in this work.
However we list here some works done with general rel-
ativistic polytropes. Here, we present some aspects to
take into account when considering the stability of static
polytropes also with modified gravity. All static poly-
tropic solutions in GR are considered stable in [35] if the
solution is regular at the center and the density falls of
rapidly after the boundary region. Also note that due to
the higher order nature of the solutions for higher order
gravity theories, the boundary matching at the surface
is not discontinuous and SdS can be reached naturally.
Furthermore, for static spherically symmetric solutions
in scalar-tensor gravity, the presence of a non-negative
effective potential implies the absence of unstable modes
for linear perturbations in the scalar field [36]. Kosambi-
Cartan-Chern and Lyapunov stability properties of Lane-
Emden equations have been studied in [37]. With both
these methods the general relativistic polytropic index
is stable only for the values γ ∈ [1.2, 1.313708]. This
does not, however, include the solar Eddington polytrope
with γSUN = 4/3 nor the non-relativistic white dwarfs
with γWDnr = 5/3 although these polytropic equations
of state are widely used for modelling polytropic stellar
type stars and white dwarfs.
Polytropic stellar models are not realistic, but ex-
tremely useful for their simplicity and fairly good re-
semblance to more accurate models in the stellar case.
Also, polytropic stars arise naturally in general relativ-
ity [32, 34] and provide a good approximation for the
observed systems. We are using GR+Λ equations inside
these objects, because the Birkhoff’s theorem conforms to
the Einstein-Hilbert action with Λ. These objects should,
therefore, be valid also for models in the modified gravity
sector.
In this work we discuss observationally and physically
acceptable self-consistent objects in the studied scalar-
tensor gravitation. The configurations are demanded to
verify the following requirements:
i) The studied polytropes were chosen from the object
class such that they obtain masses and radii within
observed ranges. Also, the central densities need to
be of the right order wrt solar standard model [38]
and Harrison-Wheeler EOS [26]. The parameter
values are discussed in the following subsections.
ii) The parameters ρ(r), A(r) and B(r) are first de-
rived with the GR+Λ or f(R)HS,St field equations,
which selects a scalar-tensor models with a poten-
tial V (φ) that conforms to general relativity inside
the object [30].
iii) We demand the spacetime to conform to SdS at
the boundary by numerically solving (10) with
V = 6H20 and the SdS metric parameters B(rs)
and A(rs) in (9), that were obtained with the mass
M and the radius rs of a GR+Λ polytrope.
1. Solar and white dwarf polytropes
For the stellar type stars, we use the Eddington model
that was also studies in context of Hu-Sawicki f(R) grav-
ity in [19]. Eddington model gives a fair approximation
for the standard solar model density profile [38] with
n = 3 and half the standard model central density.
We studied two classes of WDs with different poly-
tropic indices, n = 1.5 for non-relativistic and n = 3 for
relativistic white dwarfs.
The observational mass and radius ranges for the WDs
were referenced from observations; see e.g. [39]. We ac-
cepted as valid values for the mass ∈ [0.4, 0.7]M and
for the radius ∈ [8000, 11000] km. The coefficient for the
polytropic equation of state for non-relativistic degener-
ate gas is n = 1.5 and for highly relativistic degenerate
gas n = 3. Observational masses and radii for the white
dwarfs were found only for the physical central densi-
ties that conform to the Harrison-Wakano-Wheeler stel-
lar models ([26] p.625).
2. Polytropic neutron stars
There are many rival models for the structure of a neu-
tron star and there is no favorite equation of state to be
used. Many modern models build the neutron star from
multiple polytropic layers as well as separate crust or core
with different equation of state [40–42]. In this work will
use two layers of polytropes of which the first describes
the core area ∈ [r0, rc] (about 10% of the radius of the
NS) and the second layer extends from the core to the
surface rs.
The observational mass and radius ranges we use con-
form to [42, 43] As valid mass range we accepted the ob-
servational values ∈ [1.4, 1.7]M and the corresponding
radii estimates (that are in accordance with the studies
[40, 41, 44]) to lie in the range [9, 13] km.
For the HS and St field equations, neutron stars do
not solve even for the singly-polytropic object with the
current code.
IV. NUMERICAL WORK
One observationally valid object (with particular K, ρi
and γ) was chosen to represent each stellar class. Inside
the star, the GR+Λ field equations were solved starting
from a smooth center to obtain ρ(r), A(r) and B(r). The
scalar-tensor potential V (r) and the field φ(r) inside the
body were obtained with the equations (13) inside, start-
ing from the boundary with the metric initial conditions
set to SdS (9).
Also the field equations corresponding to f(R) gravi-
ties (6) and (7) were used to obtain the comparison f(R)
configurations. These configurations are only shortly dis-
cussed in this text and the focus is on the GR+Λ matter
configurations.
5To constrain the parameters in the scalar-tensor field
equations (2), we bind together the metric parameters,
pressure and the matter density inside the configurations
by demanding the GR+Λ field equations (from (4) with
f(R) = R − 2Λ), the continuity equation (3) and the
polytropic equation of state p = p(ρ) to hold for each
object class. The used equation ansatz used to derive the
stellar interior consists of the µ = ν = 0 -field equations
(5), the trace equation
F (R)R− 2f(R) + 32F (R) = 8piG(ρ− 3p), (12)
the Ricci scalar as a function of the metric parameters
R[B(r), A(r)] and the continuity equation (3).
The curvature scalar R follows the energy density κρ
for all the selected WDs and SUN and the solution was
checked to correspond to the general relativistic coun-
terpart that was solved separately for the same poly-
tropic parameters with the TOV equations [32]. The
TOV equation was built as a separate code and used only
for comparison to judge if the density ρ(r) in the mod-
ified code obtains the general relativistic TOV ρTOV (r)
solution with high accuracy.
The polytropic coefficientK was chosen such that mass
and radius, that conform to the observations, are pro-
duced when the object is integrated from inside out with
the GR+Λ field equations. A wide range of polytropic co-
efficientsK and central densities, ρc ∈ [104, 1011] kg m−3,
in (11) were also scanned to be sure no other region of so-
lutions for observationally and physically valid solutions
exist. The domain of observationally and physically valid
polytropic solutions shrinks essentially to a point in the
parameter space.
The potential V (r) and the field φ(r) were solved nu-
merically from the contraction of the 11-component of
the scalar-tensor field equations (2) with the metric (8)
V (r) = 2κp(r)(1− φ(r))−
4 + B
′(r)r
B(r)
A(r)r
φ′(r)
V ′(r) = φ′(r)R(r). (13)
Note that we have reparametrized the potential V (φ)→
V (r), thus the form of the second field equation is
changed. The integration of V (r) and φ(r) was started
from the surface inwards with the initial conditions cho-
sen by the SdS metric vacuum requirement (10).
The dimensionless field φ must be of order unity [9]
to be consistent with the solar system experiments. The
field naturally varies extremely little from unity with the
SdS condition at the boundary; only O(δφ) ∼ 10−17 for
the solar class, SUN, and less for the WDs and NSs.
Therefore, the effective parameter in this work is the de-
viation of the field φ = 1 + δφ. The initial condition
Vi = V (rs) was set to be the SdS vacuum and φ
′
i is solved
from (10) by using φi = φ(rs) as a free parameter at the
surface of the star. The sensitive boundary conditions
for δφi range from 10
−20 to 10−29 for the SUN and NS
case respectively, see Fig.(2).
−25.0 −24.5 −24.0 −23.5 −23.0 −22.5 −22.0 −21.5 −21.0
log δφ
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V
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)
FIG. 1: (Color online) As an example a non-relativistic
(green/dashed) and a relativistic (blue/solid curve) white
dwarf, showing the typical field and potential behavior inside
the configuration. The potential V (φ) is highly dependent
on the matter density inside the object. The initial value
at the surface was chosen to be the first φ′i value that pro-
duces the SdS vacuum solution (10) with the potential value
Vi = 2Λ = 6H
2
0 = 3.2667× 10−35s−1.
A. Results
The results presented here are qualitative in their na-
ture although specific numerical values play a crucial role
in the numerical analysis. In this article we have derived
the scalar field potential V (φ) of the action (1) for poly-
tropic stellar configurations that conform to general rel-
ativistic stars (solar, white dwarf and neutron star poly-
tropes). As the main result, we consider the dependence
of the numerically derived scalar field potential V (φ) on
the matter configuration inside the stellar body in each
case. This property does not allow to describe all the
studied stellar objects with the same potential (that is
with the same theory). We also find, that the resulting
field inside the configuration δφ(r) is highly dependent
on the initial value δφi at the surface.
One can fix the higher order terms of the metric pa-
rameters [9] at the boundary, therefore, the transition
from the polytropic configuration to the outside solution
at the surface rs is smooth. The potential and the field
are monotonically increasing functions of the radius from
the surface inwards and will produce V (φ) that is mono-
tonically increasing in the positive field direction Fig.(1).
The potential values in the plots for the examined stellar
objects ranges from the surface values, Vi, outside up to
a value depending on the density at the core. Because
of this, a neutron star will always reach higher potential
values than a white dwarf or a solar type main sequence
star V (φ)NS ≤ V (φ)WD ≤ V (φ)SUN .
All the objects in the figures Fig.(1,2) in principle reach
6FIG. 2: Here the non-relativistic neutron star (red, leftmost),
white dwarfs (blue and green/dashed, center) and a Sun like
star (black/dotted, right) all have de Sitter vacuum as the
surface initial condition (at log10(V (φi)) = −34.485891). The
smaller figure is a zoom in to the WDs’ and the SUN’s region.
All the objects show similar dependence with respect to the
matter density. That is, all the potential curves are mono-
tonically increasing functions of the radius, increasing toward
the center.
the SdS with V = 6H20 . The plots, however, will only
show data down to a finite field value due to discrete
numerical methods. Also, there is a limiting value for
the δφi that saturates the field to a minimum value that
depends on the object. This will define a typical field
range for each object class that is shown for all the stud-
ied classes on the Fig.(2).
We will consider the solar case, SUN, as a general rel-
ativistic polytrope that conforms to the Cassini results
[20]. The initial condition δφi can be relaxed from the
saturated case such that the WDs and the NS obtain
solutions that lie within the same δφ range. However,
the field value ranges correspond to the size of the ob-
ject, so that the more compact objects will always obtain
smaller ranges than the more extended cases. The poten-
tial values, being dependent on the density and not on
the field initial value, will in any case be higher for the
denser objects, therefore, a common function V (φ) can-
not be found. Considering this, a potential that matches
all the polytropic stellar configurations and also conform
to observations could be found, even with considerable
fine-tuning.
The polytropic profiles and the metric parameters cal-
culated from the Hu-Sawicki and Starobinsky field equa-
tions yield solutions for the potential V (r) and the field
φ(r) that are similar to the GR+Λ solutions. Almost
identical solutions can be found for all the objects ex-
cept the NSs that could not be solved for the f(R) field
equations.
V. CONCLUSIONS AND DISCUSSION
We considered configurations of general spherically
symmetric, static spacetimes with adiabatic perfect fluid
matter in the scalar-tensor gravity (2). These solutions
were required to follow general relativity with Λ, accord-
ing to the Einstein-Hilbert action, or f(R) gravity with
(6) and (7) inside the polytropic configurations. The
field equations (2) were numerically solved to arrive at
the scalar-tensor potential V (φ) inside the stellar object.
We studied examples of polytropic stellar object classes;
a solar type star, non-relativistic and relativistic white
dwarfs and a neutron star with observationally accept-
able parameters.
We first solve the field equations numerically for the
metric functions A(r) and B(r) and for the energy den-
sity ρ(r) inside the polytropic object with (5) starting
from a smooth center. Then obtain the field φ(r) and
the potential V (r) with (2) starting the iteration from
the surface inwards by choosing the boundary condi-
tions to accept the Schwarzschild-de Sitter solution with
V = 6H20 .
As a result, we find that the potential of a scalar-tensor
polytrope that conforms to general relativity is highly de-
pendent on the matter configuration. Also, the possible
field values are defined by the vacuum initial conditions
down to a minimum value that is unique to the stellar
object class. A potential V (φ) that would correspond to
all the polytropic objects could not be found. The sta-
bility with respect to the polytropic equation of state in
scalar-tensor gravity has not been studied yet, so it is
possible that some of the objects described here are not
stable.
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